Positive postprandial blood glucose responses have been related to low glycemic index (GI) and low glycemic load (GL) diets. The objective was to determine the effect of protein profile on glycemic response of low glycinin soymilk (high in β-conglycinin) (LGS) and conventional soymilk (S) in overweight and obese men. Twenty-four subjects, 23 -45 years old, average BMI of 29 (26 -38) with triglycerides <200 mg/dL consumed 250 mL of LGS, S with identical macronutrient content, with bovine milk (M) as reference. Fasting blood samples were followed by samples at 15, 30, 45, 60, 90, and 120 min after the milk consumption. One-day diet record, anthropometrics, and a demographic interview were completed. LGS and S presented a GI of (average ± standard deviation) 41.0 ± 29.9 and 40.4 ± 37.2, respectively. M showed a GI of 29.2 ± 25.3, however, treatment effect was not significant (P = 0.338). Similarly, GL for LGS (4.52 ± 3.29), S (4.44 ± 4.09) and M (2.33 ± 1.01) were not significantly different (P = 0.107). Postprandial glucose concentration curves for LGS, S and M presented the same tendency throughout 120 min (P = 0.331). Fasting blood glucose correlated with GI (r = −0.553; P = 0.032) and GL (r = −0.567; P = 0.028). LGS, S and M are low GI products and postprandial glycemic responses were not different. The high content of the protein β-conglycinin in LGS did not have an effect in postprandial blood glucose response in overweight and obese men.
INTRODUCTION
Obesity and diabetes are two health concerns that often have overlapping incidence and prevalence, with obesity being a major contributor to diabetes risk. In this regard, governmental institutions and the food industry have tried guide consumer decisions by educating them about the content and properties of healthier food products. The glycemic index (GI) is a tool used to classify foods based on the glycemic response, and is defined as the glucose response area under the curve after 25 -50 g of carbohydrate consumption [1] . The Food and Agriculture Organization (FAO) of the World Health Organization (WHO) defined the GI in 1998 as the incremental area under the blood glucose response curve of a 50 g carbohydrate sample of food expressed as a percent of the response to 50 g of carbohydrate from a standard food in same subject [2] . However, low GI products may be tested with lower than a 50 g carbohydrate load [3] . The American Diabetes Association classifies food as low GI, medium GI and high GI food with GI's of 55 or less, 56 -69 and more than 70 respectively [4] .
Several studies have claimed successful maintenance of glucose concentrations with the consumption of low GI foods [5] . In contrast to low GI foods, high GI food produces a higher postprandial blood glucose response after 2 h of consumption [6] . This reaction may be due to slower digestion and absorption rates [7] . Isken et al. [8] reported that only long-term (not short-term) consumption of high GI foods results in obesity, insulin resistance and metabolic complications. In contrast, Cocate et al. [3] failed to confirm different glycemic responses between low and high GI foods.
The determination of the GI is still controversial due to the variable responses observed in the same type of products. Measurement methods, food ingredients and food processing conditions must be taken into consideration when comparing GIs. For instance, larger degrees of processing yield higher GI responses [9] . Ripeness and storage time have a marked influence on GI measurements [4] . The methodology used also may influence the differences in those results, for instance, capillary blood samples are more reliable than venous blood samples to determine the GI [10] .
Glycemic loads (GL) are also related to lower risk of cardiovascular disease and are calculated by multiplying the GI of a food by the available carbohydrate present in that food divided by 100 [11] . Low GI and GL diets have shown improvements in glycemic control, reduction in serum lipids, cardiovascular risk and diabetes risk [12] . Low GI diets have been also related to increments in satiety [13] . While some authors correlate high GL diets with elevated health risk of overweight individuals [14] , others failed to correlate the GI and GL with insulin sensitivity and adiposity [15] .
The effects that a low GI diet has on obese individuals are also debated. The consumption of low GI products in order to prevent the development of diabetes or other obesity-related issues may be achieved by replacing 1) energy from carbohydrates with energy from proteins, 2) energy from carbohydrates with energy from fat, or 3) high GI with low GI foods [7] . International tables of the GI of foods have been published and used by the scientific community as instruments to evaluate the relationship between the GI and human health; however the list is not yet comprehensive [6] . The objective of the present study was to determine the effect of the protein profile on the glycemic response of low glycinin soymilk (high in β-conglycinin) and conventional soymilk to increase the knowledge of the benefits of soy bioactive compounds as new healthy food alternatives for those who are overweight or obese.
MATERIALS AND METHODS

Subjects and Study Design
Participants were healthy overweight and obese men, non-vegetarian, non-athletes, and non-smokers, recruited voluntarily from the campus of the University of Illinois, Urbana-Champaign. Twenty-four subjects were recruited with a mean age of 31 (23 -45) years with a mean body mass index (BMI) of 29 (26 -38) and with normal serum triglycerides levels (<200 mg/dL). All procedures were conducted according to the principles expressed in the Declaration of Helsinki, under approval of the Institutional Review Board (IRB) of University of Illinois (IRB # 09454) amended on November 10, 2010. After signing consent, subjects were asked to watch a video with the procedures to be performed in the study. Participants were asked to participate in three repetitions of the glycemic curve assessments on three different days (at least one week apart). Subjects were asked to fast for 12 h prior each meeting and each subject consumed a different treatment per repetition [low glycinin soymilk (LGS), conventional soymilk (S) or bovine milk (M)]. Bovine milk was the control for soymilk, and conventional soymilk was the control for the low glycinin milk, thus assessing the effects of soy milk vs. bovine milk and glycinin levels.
They also participated in a BMI evaluation, a demographic interview, and completed a 24-h diet recall in every repetition. The 24-h diet recalls were reviewed with the participants in person by a trained dietitian to ascertain completeness of the records. Visual aides were used to assist in correct portion identification. Energy and nutrient intakes were determined using nutrient analysis software (Food Processor, Esha Research, Inc.). The Estimated Energy Requirement (EER) was obtained for each participant according to the Dietary Reference Intakes guidelines [16] . From the 24 subjects enrolled, 19 subjects finished the entire study and were considered for the analysis. The main reasons for withdrawal were inconveniences on work schedules and weather conditions.
Glucose Curve Assessment
Subjects received instructions on how to use the glucometer and were asked to wash and dry their hand before each prick. Subjects consumed 250 mL of milk within 10 -15 min. Capillary finger-stick blood samples (1 µL/sample) were taken in the fasting state (0 min) and at 15, 30, 45, 60, 90, and 120 min after the start of the consumption of milk. Glucose levels were measured using a calibrated One Touch Ultra ® glucometer. According to Solnica et al. [17] One Touch glucometers have acceptable performance and standard deviation from laboratory analysis <10%. The positive area under the curve (AUC) in blood glucose was calculated by using the trapezoidal method (GRAPHPAD PRISM, version 4.00; GraphPad Software, San Diego CA). Incremental AUC (iAUC) was considered as the AUC above baseline, the area beneath the fasting concentration was ignored; only the measurements with positive peaks (AUC) were considered. There were two subjects with negative areas under the curve. Only subjects with fasting blood glucose <110 mg/dL were included in the calculations. The glucose curve shapes were classified following the definition of Tschritter et al. [18] . When plasma glucose increases to the maximum after 30 -90 min and decreases until 120 min it is considered to be a "monophasic" plasma glucose curve. If glucose shapes reach a nadir after an initial increase again > 0.25 mmol/L (4.5 mg/dL) until 120 min it is classified as "biphasic" plasma glucose curve. If three glucose peaks are observed (>0.25 mmol/L minimum increment) it is considered "triphasic".
Glycemic loads were calculated using the formula: GL = [(iAUC* g of carbohydrates)/100].
Statistical Analysis
Statistical analyses were conducted using SAS version 9.2. (SAS institute, Cary, NC). Data normality was analyzed with Shapiro-Wilks tests. Glycemic index was analyzed with multivariate analysis of variance (MANOVA) considering the effect of subjects, beverages, initial fasting glucose, type of curve, BMI, age, serum triglycerides and energy intake, dietary protein, dietary carbohydrate, and dietary fat. Incremental areas under the curve per treatment throughout the time were analyzed using analysis of variance for repeated measurements. Glycemic loads (GL) were calculated by multiplying the GI of a food by the available carbohydrate present in that food divided by 100 [11] . Glycemic loads among beverages were analyzed by one-way ANOVA tests. A correlation analysis was used to correlate GI, GL and fasting glucose with BMI, age, serum triglycerides, changes in body fat, waist-hip ratio (WHR), plasma adiponectin, plasma Creactive protein and plasma interleukin-6 obtained previously. All statistics are presented as mean ± Standard Error of the Mean (SEM) of the groups of individuals (beverages) or mean ± Standard Deviation (SD). A Pvalue < 0.05 was considered significant. A power analysis was performed in order to detect true differences 80% of the time at alpha = 0.05 and a medium effect size (Sample Power 2.0).
RESULTS
Chemical analyses of the beverages revealed no significant differences in total energy, carbohydrate (11 g), protein (14 g ) and fat (7 g) ( Table 1 ). The only chemical differences were the concentrations of β-conglycinin (LGS, 49.5%; S, 26.5%; and M, 0% of total protein) and glycinin (LGS, 6.0%; S, 38.7 %; and M, 0% of total protein). The total isoflavone content was similar in the two soymilk products (P > 0.05). As expected, bovine's milk contained less that 1 ppm of isoflavones (data not shown). The LSG, S and M were processed and stored under the same conditions to eliminate bias due to treatment preparation and manipulation.
The two soymilks and the bovine milk were tested in the same subjects at different times which allowed us to have the same subject characteristics for each group. Participants were on average 30 ± 1.5 years old and had a BMI of 29 ± 1. Low glycinin soymilk and S presented a GI of 41.0 ± 29.9 and 40.4 ± 37.2 (mean ± standard deviation, respectively). The bovine milk used in this study as a reference showed a GI of 29.2 ± 24.3, however, the effect on GI was not significant (P = 0.338) ( Table 2) . Fasting blood glucose for LGS, S and M were 91.1 ± 5.5 Table 1 . Chemical composition of 250 mL of beverages conventional soymilk (S), low glycinin soymilk (LGS) and bovine milk (M). Most subjects presented biphasic curves with all beverages, and this fact did not influence the calculation of the area under the curve (P = 0.072). Energy intake (P = 0.219), dietary carbohydrate (P = 0.350), and dietary fat (P = 0.795) did not influence significantly the glycemic response. Dietary protein showed a slight significant influence in the glycemic response (P = 0.018). Energy intake/EER ratio showed that 9 out of 17 subjects reported having a lower calorie intake than the recommendation, and only 2 reported an energy intake that exceeded the recommendation ( Table 3) . Glycemic loads for LGS, S and M were 4.52 ± 3.29; 4.44 ± 4.09 and 2.33 ± 1.01 (average ± standard deviation, respectively) with no significant differences found among the beverages (P = 0.107). The postprandial glucose concentration curves for LGS, S and M are shown in Figure 1 . Regardless of the lower glucose concentration in M at 60 min, the glucose curves among them did not present significant differences throughout the 120 min of analysis (P = 0.331).
Content in 250 mL
No correlations were observed between GI or GL with BMI, age, serum triglycerides or previous changes in body fat, waist-hip ratio (WHR), plasma adiponectin, plasma C-reactive protein or plasma interleukin-6 (P > 0.05). Glycemic loads correlated with GI and fasting glucose (r = 0.975, P < 0.0001, and r = −0.567, P = 0.028, respectively). The GI also was correlated with fasting glucose (r = −0.553; P = 0.032).
DISCUSSION
According to the American Diabetes Association, all beverages used in the present study were low GI products [4] (GI of 55 or less). The international tables of GI also agree with this classification of low GI food products [6] , and presented similar GI's values with those observed in this study (44 ± 4 for soymilk and 32 ± 5 for bovine milk). Glucose maintenance [19, 20] , better glycemic responses [12] , and increases in satiety have been associated with consumption of low GI products. In con- trast, other authors did not find differences in the glucose response in short-term low GI food consumption [3, 8, [21] [22] [23] . Animal studies developed by Tachibana et al. [24] and Moriyama et al. [25] affirmed that β-conglycinin improves glucose levels more than casein. Our results contradict such findings, with no differences in postprandial blood glucose response among the high, regular, and non-β-conglycinin beverages throughout the 120 min of the analysis in overweight and obese men (P = 0.338) (Figure 1) . The maximum glucose peak was observed at 45 min after consumption for all beverages. Parillo et al. [26] proved that consumption of food products with similar carbohydrate content but different GI's promote different postprandial blood glucose response. In the present study, there were no differences in postprandial blood glucose response. The only difference observed in the postprandial glucose response throughout the time among the different beverages, was a slightly lower blood glucose concentration at 60 min with bovine milk (P = 0.021). However, after 75 min, blood glucose levels tended to stabilize at 90 -100 mg/dL with all beverages. Indeed, Liu et al. [27] recently reported no differences among soy protein or milk protein, with or without isoflavones, in fasting or 2-h postprandial glucose concentrations after a 3-month intervention.
Low glycinin soymilk and conventional soymilk showed fewer monophasic than biphasic glucose curves. However, the glucose curve type did not influence the glycemic response ( Table 2 ). According to Tschiritter et al. [18] biphasic glucose curves are more often associated with normal glucose tolerance than monophasic curves, and most of the curves observed with soymilk consumption were biphasic. Dietary protein showed a slight influence; however, the difference of 6 g/day of protein intake was not enough to produce significant changes in glycemic responses among beverages ( Table  2) . The comparison between energy intake and energy requirement showed that most of the participants in the present study were at or below their requirement ( Table  3) .
Low glycinin soymilk, S and M presented average fasting blood glucose values of 91.1 ± 5.5 mg/dL, 94.1 ± 7.7 mg/dL and 91.2 ± 8.2 mg/dL, respectively. These small differences were influencing the postprandial blood glucose response (P = 0.0006, power of 96%). Fasting glucose concentrations positively correlated with GI, meaning that the higher the initial blood glucose concentration under fasting conditions, the higher the glycemic response will be.
The GL among beverages did not present significant differences. Our results are similar to the study developed by Torres and Torres et al. [28] who determined that soymilk has a GL of 4.8 and bovine milk has a GL of 2.0. Their study determined that soymilk beverages are low GI products and consumption of soymilk with low Table 3 . Energy intake/estimated energy requirement ratio per subject.
carbohydrate concentrations reduced insulin secretion and can be recommended in obese and diabetic individuals. According to Murakammi et al. [14] low GL diets might be an effective strategy for preventing overweight in Japanese children and male adolescents and high GL diets may increase risks related with overweight. They also found an interesting association of low dietary GL with a decrease in highly refined grain intake and an increase in fruit and vegetable intake. These and other positive correlations determined in past studies, led us to hypothesize that the inclusion of low glycinin soymilk or conventional soymilk may contribute to a decrease in the total daily dietary GL, decreasing overweight-related risks and positively modify dietary patterns.
CONCLUSION
In conclusion, all beverages used in the present study are considered low GI foods. Postprandial glycemic responses were not affected by the consumption of LGS, S or M, and thus we can conclude that beverages with different protein profiles with similar GI values do not have different glucose responses in overweight men. Our results suggest that the high content of β-conglycinin in low glycinin soymilk did not have an effect in postprandial blood glucose response in overweight men. The study sponsors had no role whatsoever in the study design; in the collection, analyses, and interpretation of data; in the writing of the report; or in the decision to submit the report for publication.
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